Within the framework of Classical Molecular Dynamics, we study the collision Au + Au at an incident energy of 35 MeV/nucleon. It is found that the system shows a critical behaviour at peripheral impact parameters, revealed through the analysis of conditional moments of charge distributions, Campi Scatter Plot, and the occurrence of large fluctuations in the region of the Campi plot where this critical behaviour is expected. When applying the experimental filters of the MULTICS-MINIBALL apparatus, it is found that criticality signals can be hidden due to the inefficiency of the experimental apparatus. The signals are then recovered by identifying semi-peripheral and peripheral collisions looking to the velocity distribution of the largest fragment, then by selecting the most complete events.
I. INTRODUCTION
time. The total charge of the intermediate system is very high and it will quickly explode due mainly to the high Coulomb repulsion [15] . For increasing impact parameter, two or may be three excited primary fragments might be formed. By tuning the impact parameter, we might hope to obtain some primary sources which have a combination of excitation energy, Coulomb charge, and angular momentum sufficient to bring the system into the instability region (if any). The possibility that such a scenario might apply to heavy-ion collisions has been shown in microscopic calculations [17, 21] . In particular, it has been shown that the "critical" excitation energy decreases when the system is either charged and/or rotating [17, [21] [22] [23] . Thus a combination of all these ingredients might give the desired result. Following this scenario, one would expect to see a critical behaviour (if any) for peripheral collisions.
In Fig. 1 , we have plotted the dynamical evolution in the x − z plane for this reaction for four different times (after the two nuclei came in contact), and four different impact parameters;b = 0.15 (first line panels),b = 0.38 (second line panels),b = 0.62 (third line panels) andb = 0.85 (fourth line panels). For central and semi-central collisions (first and second rows) the two nuclei come in contact with each other and form a unique deformed source (the source is less deformed for more central collisions) which decays through light particles and fragments emission [15] . For semi-peripheral and peripheral collisions (third and fourth lines panels), one sees clearly the formation of two big sources (the quasitarget and quasiprojectile) with the formation between them of a third smaller source in the neck region. The size of this "neck" is smaller for more peripheral collisions and it completely disappears for the most peripheral ones.
One of the most powerful methods used to characterize the critical behaviour of a system undergoing a multifragmentation is the method of conditional moments introduced by Campi [24] . The moments of asymptotic cluster charge distributions are defined as:
where n (j) (Z) is the multiplicity of clusters of charge Z in the event j, Z tot = 158, and the summation is over all the fragments in the event except the heaviest one, which corresponds to the bulk liquid in an infinite system. If the system keeps some trace of the phase transition for some particular events, the moments m k should show up some strong correlations between them [24] . In particular, the second moment m 2 , which in macroscopic thermal systems is proportional to the isothermal compressibility, diverges at the critical temperature [11, 25, 26] .
Of course in finite systems, the moments m k remain finite due to finite size effects. In the upper part of Fig. 2 , we have plotted versus the reduced impact parameterb the second moment m 2 , calculated taking out the two largest fragments instead of only the largest one because, if one expects the critical behaviour at peripheral impact parameters and as the system is symmetric, one should subtract both bulk fragments coming from the quasitarget and the quasiprojectile. As expected, the second moment m 2 shows a peak for an impact parameterb ≈ 0.8. If one does not take off the second largest fragment (lower part of Fig. 2 ), we observe a continuous rise of m 2 and the peak disappears because we are summing with small fragments, a very big one (bulk) to the square (or power k for the highest moments m k ). In Fig. 3 , we have plotted the same quantity m 2 versus the multiplicity of charged particles N c (with Z ≥ 1), calculated without the two largest fragments (upper part) and only without the largest one (lower part). The second moment m 2 shows also a peak versus N c for a multiplicity around 20-25, and this peak disappears when taking into account the second largest fragment. In the following, the analysis of the non-filtered results is done taking off the two largest fragments.
Another quantity proposed by Campi to give more insight into the critical behaviour is the relative variance γ 2 defined as [24] :
It was shown by Campi that this quantity presents a peak around the critical point which means that the fluctuations in the fragment size distributions are the largest near the critical point [24] . In Fig. 4 , we have plotted the relative variance γ 2 versus the reduced impact parameterb (upper part), and versus the charged particle multiplicity N c (lower part). One clearly notes that the relative variance γ 2 shows a peak in both plots, for a reduced impact parameterb around 0.8, and for N c ≈ 20 − 25.
Moreover, we have considered another variable which is the normalized variance of the charge of the maximum fragment σ N V . As charge distributions are expected to show the maximum fluctuations around the critical point [27] , this quantity is expected to present some maximum at the critical point [24, 28] This normalized variance is defined as
where
The brackets < .
> indicate an ensemble averaging. We have plotted in Fig (i.e. F i ∝ δs −λ i ) which corresponds to the existence of large fluctuations which have selfsimilarity over the whole range of scales considered [29] [30] [31] . Even though this quantity is ill defined for fragment distributions [32, 33] , it has been shown in several theoretical studies that critical events give a power law for the SFM versus the bin size [17, 18, 31, 34, 35] . In the figure where the critical behaviour is expected.
IV. EFFECTS OF EXPERIMENTAL INEFFICIENCY
As indicated in the introduction, one of the aims of this study is to apply the same procedure of critical behaviour identification to the experimental data obtained by the MULTICS-MINIBALL Collaboration for the same reaction, Au + Au at 35 MeV/nucleon.
To do so, we have filtered our results using the angular acceptance and energy thresholds of the MULTICS-MINIBALL apparatus.
First of all, we have checked that at least for semi-peripheral and peripheral collisions, the efficiency of the apparatus automatically eliminates the largest fragment coming from the target-like, so we calculate the moments of charge distributions m k (Eq. The effects of apparatus inefficiencies can thus be more or less drastic depending on the variable we are looking at. To recover the signals of criticality, we adopted the following procedure:
i) As the critical behaviour was observed at peripheral impact parameters, we identify semi-peripheral and peripheral collisions, eliminating more central ones, by selecting those events in which the velocity of the largest fragment along the beam axis is larger or equal to 75% of the beam velocity, which means that we are selecting those events in which there is a remnant of the projectile flying with the velocity of the quasiprojectile. Doing this, we hope to select only those reactions where two or three primary sources are formed (semiperipheral and peripheral reactions) and eliminate the reactions where only one source is formed at mid-rapidity (central collisions);
ii) we select the most complete events imposing that the total detected charge is larger than 70 (Z tot ≥ 70).
Moreover, we have checked that condition i) does not automatically eliminate all central collisions and to do so one needs to impose a maximum limit to the total detected charge, say Z tot ≤ 90 − 95. We note also that changing condition i) from 75% to 85% of the beam velocity for example does not change significantly the results, and only decreases the statistics.
In Figs [36] with, in the lower part, the corresponding scaled factorial moments calculated according to Eq.(6) [36] . Cut 1 (left part of the figure) corresponds to undercritical events and hence one obtains a charge distribution with a "U" shape characteristic to evaporation events, while for Cut 3 (right part) one observes a rapidly decreasing charge distribution with an exponential shape characteristic to highly excited systems going to vaporization.
For Cut 2 (central part), we obtain a fragment charge distribution exhibiting a power law
2, which is expected, according to the droplet model of Fisher, for fragment formation near the critical point indicating a liquid-gas phase transition, and consistent with the scaling laws of critical exponents [10] . In the lower part of the figure, for region 1 corresponding to evaporation events, the logarithms of the scaled factorial moments ln(F i )
are always flat and independent on −ln(δs) and there is no intermittency signal. For Cut 2 the situation is different. The logarithms of the SFM's are positive and almost linearly increasing versus −ln(δs) and a strong intermittency signal is observed (note the absolute values of ln(F i )). Cut 3 gives negative logarithms of the SFM's and we have also in this case no intermittency signal. Note that this behaviour of the scaled factorial moments is exactly the same as that observed in percolation and molecular dynamics models for undercritical, critical and overcritical events, respectively [17, 37] .
V. CONCLUSIONS AND OUTLOOKS
In conclusion, we have studied the reaction Au + Au at an incident energy of 35
MeV/nucleon within the framework of Classical Molecular Dynamics. The results show evidence for the occurrence of a critical behaviour revealed through the shape of the second moment of charge distributions, the reduced variance, the normalized variance of the size of the largest fragment, the particular shape of the Campi scatter plot and through the presence of large fluctuations as indicated by the intermittency analysis in the region of the Campi plot where the critical behaviour is expected. We have also seen that when our results are fil-tered using the geometrical acceptance and energy thresholds of the MULTICS-MINIBALL apparatus, experimental inefficiencies can hide more or less the signals of criticality. Moreover, we have shown that these criticality signals can be recovered by identifying the most complete semi-peripheral and peripheral events selecting those events in which the largest fragment has a velocity along the beam axis larger or equal to 75% of the beam velocity and for which the total detected charge is 70 ≤ Z tot ≤ 90.
We would like to note at the end that the same procedure for characterizing the critical behaviour has been successfully applied to the experimental data obtained by the MULTICS-MINIBALL Collaboration for the same reaction Au + Au at 35 MeV/nucleon, and that a critical behaviour has been identified [38] . As an example, we show in Fig. 18 the experimental Campi scatter plot [38] obtained making more or less the same event selection
as for the CMD results. Note the strong similarity with the theoretical Campi plot shown in Fig. 15 . Moreover, we show in Fig. 19 the experimental scaled factorial moments [38] obtained in the three cuts made on the Campi plot of Fig. 18 . Once again note the similarity of these results with those of the CMD results. The authors of the previous reference have also extracted the other quantities discussed in this paper (variance of the charge of the largest fragment, etc..) from the experimental data [39] . These quantities behave very similarly to what is discussed here for the CMD case thus strengthening our findings. A very similar behaviour to the one discussed here has also recently been observed in Xe + Sn collisions at 55 MeV/nucleon measured with the detector INDRA again for peripheral collisions [40] . Work now is in progress to characterize the fragmenting sources leading to the critical behaviour and maybe to extract the critical exponents. 
